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(54) Printer 

(57) A printer includes a full-line type printhead 
(190) which can correct variations in the ink discharge 
amounts from the respective nozzles, and density une- 
venness of a printed image due to variations in the op- 
erations of many driving circuits in the printhead and 
changes in the internal temperature or a temperature 
gradient of the printhead, and can obtain a high-quality 
printed image without density unevenness in consider- 
ation of the print conditions and changes in operation 
environmental temperature. A pre-heating operation is 
performed by selecting an optimal pre-pulse signal (T1) 
for each nozzle of the printhead on the basis of informa- 
tion stored in an EEPROM (401 ) of the printhead (190) 
and pre-pulse selection data associated with each noz- 
zle of the printhead. A heat signal is also generated to 
obtain a main pulse (T3) suitable for each IC of a print- 
head corresponding to an ink of each color. In addition, 
the internal temperalure of the printhead or printing den- 
sity information from the printhead is monitored. If the 
internal temperature or the printing density is high, con- 
trol is performed to inhibit a pre-pulse selection signal 
from being output while applying pre-pulse and main 
pulse signals to each nozzle heater, of the printhead, 
which is used for a print operation. 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates to a printer and, more partic- s 
ularly, to a printer for printing an image on a recording 
medium by using a line-type printhead. 

A printhead mounted, in a conventional ink-jet print- 
er has a considerably smaller print width than printing 
paper. The printhead is therefore mounted in the printer 
to oppose printing paper, and a carriage on which the 
printhead is mounted is laterally moved to perform a se- 
rial print operation. 

Density unevenness of a printed image in such a 
printhead is corrected by, for example, controlling the 
print operation of the printer by a reciprocal printing 
method. 

As an effective printing method for a printhead 
mounted in a conventional ink-jet type printer, a double 
pulse control printing method is known. In this method, 
a short pulse is applied to each nozzle heater of the 
printhead first, and a long pulse is then applied to each 
nozzle heater. 

In a line printer incorporating a full-line printhead 
having the same print width as that of printing paper, 25 
since the print width is large and the number of nozzles 
for discharging an ink is large, variations in ink discharge 
amount per orifice and the discharge direction cannot 
be neglected, unlike those in a printhead mounted in a 
serial printer like the above conventional printer In ad- 30 
dition, the line printer cannot employ the reciprocal print- 
ing method, which can be employed by the serial printer, 
owing to its structure. 

Under the circumstances, a print control method dif- 
ferent from that employed by the serial printer is required 35 
for the line printer to obtain a high-quality printed image 
free from density unevenness by making the ink dis- 
charge amounts from the ink discharge nozzles uniform. 

Furthermore, in the line printer incorporating the 
full-line printhead described above, since a large 40 
number of nozzle heaters are also used, due to uneven 
energization of the nozzle heaters depending on the 
printing density, and changes in operating temperature, 
the internal temperature of the printhead cannot be kept 
constant for a proper print operation, resulting in varia- 45 
tions in the ink discharge amounts from the respective 
nozzles. For this reason, it is difficult to maintain good 
print quality. 

In the printer having the full-line printhead with the 
same print width as that of printing paper, since the so 
structure of the printhead is different from that of a print- 
head having a small print width, printhead control is re- 
quired in consideration of the following points to main- 
tain high print quality: 

ss 

(1) Since the nozzle heaters used for the ink dis- 
charge nozzles of the full-line printhead are driven 
by a plurality of LSIs, variations in ink discharge 
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amount must be suppressed in units of LSIs in con- 
sideration of variations in the quality of LSIs. 

(2) Control must be performed to suppress varia- 
tions in ink discharge amount due to a temperature 
gradient in the printhead which is derived from a 
long print width. 

(3) Control must be performed so as not to damage 
the nozzle heaters when large currents are supplied 
to the nozzle heaters to perform control operations 
d)and(2). 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a printer which can perform a high-image 
quality print operation even when a print operation is 
performed by using a full-line printhead having a long 
print width according to double pulse control. 

According to the present invention, the foregoing 
object is attained by providing a printer including latch 
means for latching printing characteristic information as- 
sociated with M print elements corresponding to M elec- 
trothermal transducers, respectively, in correspondence 
with the M electrothermal transducers to print an image 
on a recording medium by driving the M electrothermal 
transducers and the M print elements according to dou- 
ble pulse control; input means for inputting a plurality of 
pre-pulse signals; selection means for selecting an op- 
timal pre-pulse signal for each of the M print elements 
on the basis of the plurality ol pre-pulse signals input by 
the input means and the printing characteristic informa- 
tion latched by the latch means; pre-heat means for per- 
forming a pre-heating operation by sending an electricity 
to said M electrothermal transducers by using the opti- 
mal pre-pulse signals selected by the selection means; 
and a line-type printhead, comprising: output means for 
outputting the printing characteristic information to the 
printhead; and application means for applying a plurality 
of pre-pulse signals to the printhead. 

In accordance with the present invention as de- 
scribed above, in the printer using the line-type print- 
head, when an image is to be printed on a recording 
medium by driving the M electrothermal transducers 
and M print elements corresponding to the electrother- 
mal transducers, respectively, printing characteristic in- 
formation associated with the M print elements are 
latched in correspondence with the M electrothermal 
transducers, optimal pre-pulse signals for the M print el- 
ements are selected on the basis of a plurality of input 
pre-pulse signals and the latched printing characteristic 
information, and a pre-heating operation is performed 
by sending an electricity to the M electrothermal trans- 
ducers by using the selected pre-pulse signals. In this 
printer, printing characteristic information is output to the 
printhead, and a plurality of pre-pulse signals are also 
applied thereto. 

It is another object of the present invention to pro- 
vide a printer having a full-line printhead capable of 
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maintaining high print quality. 

According to the present invention, the foregoing 
object is attained by providing a printer for generating 
print image data by receiving print image data from an 
external device, and printing an image on a recording 
medium on the basis of the print image data by using a 
line-type printhead having a plurality of print elements, 
and driving the plurality of print elements by using N driv- 
ing circuits, comprising: division control means for divid- 
ing the N driving circuits into M groups and performing 
control in units of groups; temperature measurement 
means for measuring the internal temperature of the 
printhead for each of the groups; driving means for driv- 
ing the printhead through the N driving circuits to per- 
form a print operation by applying a first pulse to each 
of said plurality of print elements, and applying a second 
pulse following the first pulse; first adjustment means for 
adjusting a width of the second pulse for each of the N 
driving circuits on the basis of variations in operations 
of the N driving circuits; and second adjustment means 
for adjusting a pulse interval of the first and second puls- 
es on the basis of M internal temperatures measured by 
the temperature measurement means. 

In accordance with the present invention as de- 
scribed above, when the printhead is driven through the 
N driving circuits to perform a print operation by applying 
the first pulse to each of the plurality of print elements 
and applying the second pulse thereto following the first 
pulse, the width of the second pulse is adjusted for each 
of the N driving circuits on the basis of the variations in 
the operations of the N driving circuits, and the pulse 
intervals of the first and second pulses are adjusted on 
the basis of the M measured internal temperatures ob- 
tained upon forming the N driving circuits into M groups. 

It is still another object of the present invention to 
provide a printer which can always maintain good print 
quality without being influenced by print conditions such 
as the printing density and changes in temperature in 
the environment in which the printer is installed. 

According to the present invention, the foregoing 
object is attained by providing a printer using a line-type 
printhead for printing an image on a recording medium 
by driving M electrothermal transducers and M print el- 
ements corresponding to the electrothermal transduc- 
ers, respectively, according to double pulse control, 
comprising: monitoring means for monitoring an internal 
temperature of the printhead; input means for inputting 
print data; driving means for driving the printhead by 
sending an electricity to the M electrothermal transduc- 
ers according to the double pulse control; and first con- 
trol means for controlling the driving means to inhibit ap- 
plication of pre-pulse signals to the M electrothermal 
transducers on the basis of the internal temperature and 
a printing density obtained from the print data. 

In accordance with the present invention as de- 
scribed above, control is performed to suppress appli- 
cation of pre-pulse signals to the M electrothermal trans- 
ducers on the basis of the monitored internal tempera- 



ture of the printhead and the printing density obtained 
from input print data. 

The invention is particularly advantageous since 
variations in printing in units of print elements in the line- 

5 type printhead can be corrected. In addition, a deterio- 
ration in print quality due to variations in the operations 
of the N driving circuits or change in the internal temper- 
ature of the printhead can be corrected to maintain high 
print quality. Furthermore, since pulse control is per- 

10 formed upon completion of a print operation corre- 
sponding to one line during printing, no abnormal pulse 
is applied to each print element of the printhead. This 
protects the printhead and also prevents a deterioration 
in print quality due to application of abnormal pulses. 

15 Moreover, since correction can be made to prevent 
variations in the print operations of the print elements 
due to changes in the internal temperature or printing 
density of the printhead, high print quality free from den- 
sity unevenness can be obtained. 

20 Other features and advantages of the present in- 
vention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporat- 
ed in and constitute a part of the specification, illustrate 
30 embodiments of the invention and, together with the de- 
scription, serve to explain the principles of the invention. 

Fig. 1 is a block diagram showing the circuit 
arrangement of a color printer having full-line print- 

35 heads based on an ink-jet method according to a 
typical embodiment of the present invention; 
Fig. 2 is a sectional side view showing the sche- 
matic arrangement of the printer in Fig. 1 ; 
Fig. 3 is a view for explaining the printhead arrange- 

40 ment of the printer in Fig. 1 ; 

Fig. 4 is a view showing the arrangement of a print- 
head corresponding to one color; 
Fig. 5 is a circuit diagram showing the arrangement 
of a head IC of the printhead; 

45 Fig. 6 is a view showing the arrangement of the noz- 
zle heaters of the printhead; 

Fig. 7 is a timing chart showing a basic printing 
sequence in the printer in Fig. 1; 
Figs. 8A and 8B are block diagrams showing the 
so arrangements of a GAE 181 in an engine circuit 
180; 

Figs. 9A and 9B are block diagrams showing the 
arrangements of a head control unit 816 in the GAE 
181; 

55 Fig. 10 is a timing chart showing a print operation 
timing set by the head control unit; 
Fig. 11 is a timing chart showing an operation 
sequence in a transfer area circuit 902 and a trans- 
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fer data circuit 903; 

Fig. 12 is a timing chart showing a pre-pulse setting 
sequence; 

Fig. 1 3 is a block diagram showing the arrangement 
of the transfer data circuit; 

Fig. 1 4 is a block diagram showing the arrangement 
of a heat signal circuit (PH unit); 
Fig. 15 is a graph showing quiescent time/ink dis- 
charge amount characteristics; 
Figs. 1 6 A and 1 6B are circuit diagrams showing the 
detailed arrangement of a heat signal circuit (MH 
unit); 

Fig. 17 is a view showing a full-line printhead cor- 
responding to one color according to a third embod- 
iment of the present invention; 
Fig. 18 is a circuit diagram showing the arrange- 
ment of a head IC of the printhead according to the 
third embodiment; 

Fig. 19 is a timing chart showing a basic print 

sequence according to the third embodiment; 

Figs. 20A and 20B are block diagrams showing the 

arrangements of a G AE 181 in an engine circuit 1 80 

according to the third embodiment; 

Figs. 21 A and 21 B are block diagrams showing the 

arrangement of a head control unit 816 of the GAE 

181 according to the third embodiment; 

Fig. 22 is a block diagram showing the arrangement 

of a heat signal circuit (PH unit); and 

Fig. 23 is a block diagram showing the arrangement 

of a PHLESS circuit in Fig. 22. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention will 
be described in detail below with reference to the ac- 
companying drawings. A color printer incorporating a 
full-line printhead (to be referred to as printhead here- 
inafter) according to a typical example of the present in- 
vention will be briefly described first. 

<Basic Printing Sequence> 

Print data is transmitted to each printhead at thetim- 
ing of a print operation for the preceding line. An engine 
detects this timing through a vertical registration adjust- 
ment counter, and transmits a trigger signal (a-TRG*; 

indicates low true) for requesting print data to a for- 
matter at the timing one line ahead of the print position. 
Upon detection of this signal, the formatter prepares for 
the transmission of the print data, and makes a vertical 
sync signal (a-ENB*), indicating the one-page data is 
being transferred, active. The engine transmits a print 
data reference clock signal (DATACK) to the formatter 
with a predetermined delay time with respect to the print 
data request signal. The formatter transmits the print 
data to the engine in synchronism with this reference 
clock signal. The engine directly transmits the received 



print data to the printhead. 

The above operation is independently performed 
for each color signal except for the transmission of the 
reference clock signal to the formatter. The print data is 
5 therefore directly transferred from the formatter to the 
printhead. Consequently, the print data need not be tem- 
porarily stored in the engine. 

With this operation, the transfer of the one-line prinf 
data is completed. When the one-line print data is trans- 
it ferred to the printhead, the engine makes a latch signal 
(DLAT*) active, and temporarily stores the data in the 
printhead. When printing paper is then conveyed and 
moved by one line, an ink corresponding to the print data 
for the first line is discharged to perform printing. Mean- 
's while, a print data request signal for the second line is 
output from the engine to the formatter, and the same 
print operation as that for the first line is performed. 

Subsequently, the same print operation is repeated 
for the third and fourth lines. While the above vertical 
20 sync signal is active, a print data request signal is trans- 
mitted to the formatter for each line in accordance with 
the moving amount of printing paper. In this manner, the 
transfer of one-page print data is completed. 

25 <Horizontal Registration Adjustment 

After a print data request signal becomes active, the 
engine uses a clock for transferring data to the printhead 
as a reference clock, and counts the sum total of unused 

30 nozzle heaters of the printhead and nozzles to be sub- 
jected to horizontal registration adjustment with refer- 
ence clocks. After this count operation, the engine trans- 
fers reference clocks (DATACK) corresponding to the 
number of the print nozzle heaters to the formatter. Upon 

35 outputting the print data request signal, the engine 
counts reference clocks (CK) for horizontal registration 
adjustment for each color signal. After the count opera- 
tion, the engine transfers reference clocks (a-SICK) cor- 
responding to the total number of the nozzle heaters to 

40 the printhead. The formatter transfers print data (a-DA- 
TA) for each color in synchronism with the reference 
clocks (DATACK) transferred from the engine. The print 
data transferred to the engine in this manner is sent to 
the printhead through the engine. 

45 with this operation, after the reference clocks for 
horizontal registration adjustment are input to the print- 
head for each color, the print data synchronized with the 
reference clocks is input to the printhead together with 
the reference clocks. Thereafter, clocks for horizontal 

50 registration adjustment are input to the printhead again, 
thereby allowing horizontal registration adjustment. 

<Purge Operation during Printing> 

55 in a line printer, while a given line is printed, data 

for the next line is sent to a printhead. In cleaning the 
printhead, therefore, the engine stops outputting the 
print data request signal one line before a head cleaning 
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operation during printing. After the printhead cleaning 
operation is completed, the engine outputs the print data 
request signal. The data set when the purge operation 
is performed during printing is rewritten, and the print 
data set before the purge operation is stored in the print- 5 
head after the purge operation. With this operation, even 
if the printing paper moves and a data transfer request 
signal is output, printing can be properly performed. 

[First Embodiment] 

Fig. 1 is a block diagram showing the circuit ar- 
rangement of a color printer (to be referred to as a printer 
hereinafter) having full-line printheads based on the ink- 
jet printing method according to a first embodiment of 
the present invention. As shown in Fig. 1 , the circuit of 
this printer is constituted by a formatter 110 for control- 
ling communication with a host computer (to be referred 
to as a host hereinafter) and bitmapping data into a bit- 
map RAM, and an engine 150 for performing various 
control operations for the printheads and controlling a 
convey motor and various sensors. 

This arrangement is designed for the following pur- 
pose. The formatter 110 requires a circuit arrangement 
corresponding to various applications (e.g., a facsimile 
apparatus and a copying machine as well as a printer) 
in consideration of different interfaces with the host and 
different image processing methods. In contrast to this, 
the engine 150 is designed to reduce differences de- 
pendent on applications, and is standardized to cope 
with any applications, thereby attaining a reduction in 
cost. 

In this embodiment, the following functions are as- 
signed to the formatter 110 and the engine 150. 

(1 ) Functions of Formatter 

• interfacing with the host 

• analyzing a command sent from the host 

• bitmapping print data into the bitmap RAM on 
the basis of the command 

• control of an operation panel 

• control of a control box (to be described later) 

• interfacing with the engine 150 

• option control: control (option IN) of a printing 
paper supply unit, and control (operation OUT) 
of printing paper discharge unit 

(2) Functions of Engine 

• interfacing with the formatter 110 

• control of an ink supply subsystem 

• control of a paper convey subsystem 

• data transfer control for each printhead 

• heater on/off control of each printhead 

• temperature management 

• timepiece function 

• backup memory function 



• printing paper width detection function 

In order to realize these functions, the following cir- 
cuit arrangement is required. 

Referring to Fig. 1, the formatter 110 is constituted 
by a CPU-F 111 for executing control programs, a ROM 
1 1 2 for storing the control programs, a system RAM 1 1 3 
for executing programs, an IFCNT 114 for communica- 
tion with the host, a bit map RAM 115 for storing the 
bitmap data of print contents transmitted from the host, 
a circuit GAF 116 dedicated for controlling the bit map 
RAM 115 and performing communication with the en- 
gine 1 50, an emulation ROM (E-ROM) 1 1 7 for analyzing 
print data from the host, a character generator (CG- 
ROM) 118 for converting character code data into bit- 
map data, a memory card 1 1 9 used as an external mem- 
ory, an I/O port 120 serving as an interface with the 
above option control functions, and an operation panel 
121 serving as a user interface and including keys for 
various operations, an LCD for displaying a message 
from the printer, and the like. 

Reference numeral 122 denotes a control box 
which serves as a user interface to perform various in- 
struction input operations when this printer performs an 
image print operation by using image data stored in the 
memory card 1 1 9 in a stand-alone manner without being 
connected to the host; and 123 and 124, input/output 
interfaces (an option IN and an option OUT) with various 
apparatuses to be connected, as options, to the printer. 
In this embodiment, the printing paper supply unit (to be 
described later) is connected to the option IN 123 : and 
the printing paper discharge unit (to be described later) 
is connected to the option OUT 124. 

The engine 150 will be described next. 

As shown in Fig. 1 , the engine 1 50 is constituted by 
an engine circuit 160 mainly designed for a printing pa- 
per conveying operation, and an engine circuit 180 
mainly designed for printhead driving control. 

The engine 150 is constituted by a CPU-E 161 in- 
cluding a ROM for storing control programs, a RAM 
used as a work area to execute the programs, a port for 
receiving a signal from a sensor (to be described later), 
and an A/D converter for converting an analog input 
from the port into digital data, and adapted to execute 
the control programs to perform various control opera- 
tions, a RAM 162 used when the CPU-E 161 executes 
a program, an EEPROM 163 for storing unevenness 
correction data for each printhead, a clock counter 
(RTC) 164, and a GAE 165 dedicated for generating test 
print data and performing communication with the for- 
matter 110. Reference numeral 171 denotes a sensor 
for detecting the position of printing paper; and 172, a 
convey motor for conveying the printing paper. 

The engine circuit 180 includes a circuit GAE 181 
dedicated for driving/controlling a printhead 190, con- 
trolling a motor 1 91 for moving the printhead 1 90 and a 
cap (not shown) to cap the ink discharge nozzles of the 
printhead 1 90 when no print operation is performed, and 
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controlling a sensor 192 for detecting the positions of 
the cap and the printhead. 

Fig. 2 is a sectional side view showing the schemat- 
ic arrangement of a printer 100 described above with 
reference to Fig. 1. Fig. 2 shows the printer 100 incor- 
porating the control box 1 22, a printing paper supply unit 
1 30 using roll paper as printing paper, and a printing pa- 
per discharge unit 1 31 having a cutter for cutting the roll 
paper after a print operation. The engine 150 is divided 
into these two parts 160 and 180 for easy implementa- 
tion upon mounting on the printer, as shown in Fig. 2. 

Reference numeral 190Y denotes a full-line print- 
head (Y head) for performing printing by using yellow 
(Y) ink; 1 90M, a full-line printhead (M head) for perform- 
ing printing by using magenta (M) ink; 190C, a full-line 
printhead (C head) for performing printing by using cyan 
(C) ink; and 1 90K, a full-line printhead (K head) for per- 
forming printing by using black (K) ink. These printheads 
are arranged along the convey direction of printing pa- 
per. 

Reference numeral 171a denotes a sensor for de- 
tecting the leading portion of the printing paper from 
black lines printed on the roll paper at predetermined 
equal intervals and generating a signal (TOF1); 171b, a 
sensor for detecting the leading portion of the printing 
paper from a black line printed on the roll paper after a 
print operation, and generating another signal (TOF2); 
and 1 73, a convey belt which is rotated/driven upon ro- 
tation of the convey motor 172. When the convey belt 
173 is moved, the printing paper (recording medium) 
placed on the convey belt 173 is conveyed. 

Fig. 3 shows the printhead arrangement of the print 
unit of the printer of this embodiment. 

The printhead 1 90 of this embodiment is constituted 
by four line heads, i.e., the K head for discharging black 
ink, the C head for discharging cyan ink, the M head for 
discharging a magenta ink, and the Y head for discharg- 
ing yellow ink. 

As shown in Figs. 2 and 3, the printing paper is con- 
veyed from the K head (190K) side and sequentially 
passes below the C head (190C), the M head (190M), 
and the Y head (190Y). When the printing paper passes 
below these heads, print data corresponding to the head 
portions of the respective colors are transferred to the 
heads, and the nozzle heaters in the heads are ener- 
gized in accordance with the print data. With this oper- 
ation, the inks are discharged from the corresponding 
nozzles to execute a print operation. 

Fig. 4 shows the arrangement of a printhead of the 
printer of this embodiment. As shown in Fig. 3 as well, 
each printhead includes ICs 1 to 11 each having 128 
nozzles. 

Fig. 5 shows the arrangement of an IC (head sub- 
strate) of a printhead of this embodiment. The ICs 1 to 
1 1 have the same arrangement. In the following descrip- 
tion, **" indicates a low true signal which is true at low 
level. 

Referring to Fig. 5, reference symbol VH denotes a 



power supply voltage applied to a heater 501; and 
PGND, GND (ground) of a heater power supply. Refer- 
ence numeral 502 denotes a transistor for driving the 
heater 501. Reference symbol ODD denotes a signal 

s for designating sending an electricity to the odd-num- 
bered heaters 501 ; and EVEN, a signal for designating 
sending an electricity to the even-numbered heaters 
501 . Reference numeral 503 denotes a 3 to 8 decoder." 
In this embodiment, the 128 heaters 501 are grouped 

10 into eight blocks (16 nozzles per block), and the 3 to 8 
decoder 503 selects a block of heaters 501 to be driven 
in accordance with a block selection signal (BENB0 to 
BENB2). Reference symbol SUBH denotes a sub-heat 
signal; PT*, a signal for heating nozzles when no print 

is operation is performed; MHENB*, a heat pulse signal 
for sending an electricity to nozzles when a print oper- 
ation is actually performed; and PHEATr to PHEAT4*, 
pre-heat pulses, which are selected by a selection logic 
504 in accordance with selection data set in selection 

20 data latches 505 and 506 (to be described later). The 
heaters 501 are pre-heated by the selected pulse sig- 
nals. 

In this case, the signal PT* is a signal for adjusting 
the internal temperature of a printhead. This signal is 

2S used to apply pulses to the printhead so as to raise its 
temperature when the operating or environmental tem- 
perature of the printhead is low and no print operation 
is performed. The signals PHEAT1* to PHEAT4* are 
used as pre-heat pulses when double pulse print control 

30 js performed during a normal print operation. 

Reference numeral 508 denotes a shift register for 
receiving selection data for selecting the pre-heat puls- 
es (PHEAT1 * to PHEAT4*) as serial data (SI) in synchro- 
nism with a clock (SICK) and holding 128-bit data. The 

35 print data held in this manner is latched by a data latch 
507 in response to a signal DLAT*. The selection data 
is latched by the selection data latch 505 in response to 
a signal LATA*, and is also latched by the selection data 
latch 506 in response to a latch signal LATB*. Reference 

40 symbol Dl A denotes an input signal to a sensor 509; and 
DIK, an output signal from the sensor 509. 

Fig. 6 shows the heater arrangement of the print- 
head of this embodiment. 

The total number of nozzles of the printhead of this 

45 embodiment is 128 x 11 = 1,408. In the manufacturing 
process for a printhead, unusable areas may be formed 
on the right and left portions of the printhead. For this 
reason, if, for example, these areas respectively include 
24 nozzles near each of the right and left end portions 

50 of the printhead, a total of 1 ,360 nozzles are usable noz- 
zles, which correspond to the number obtained by sub- 
tracting °48° from the total number of nozzles. 

As described above, the color printer of this embod- 
iment includes the four heads corresponding to the four 

55 colors, i.e., K, C, M, and Y, and the nozzle positions (the 
positions of dots to be printed) of the heads of the re- 
spective colors must be accurately aligned to be super- 
posed. If this positioning is not accurate, proper color 
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representation cannot be attained, and a high-image 
quality color print operation cannot be performed. Since 
such a positioning operation is very minute adjustment 
(on the micron (u.m) order), this operation cannot be me- 
chanically performed. For this reason, horizontal regis- 
tration adjustment nozzles for positioning the printheads 
of the respective colors are used. The print positions of 
the printheads of the respective colors are adjusted de- 
pending on how many of the adjustment nozzles are 
used for a print operation. If the number of nozzles for 
horizontal registration adjustment is 16, the number of 
nozzles which can be used for a print operation is 1 ,344. 

Fig. 7 is a timing chart showing a print sequence in 
the printer of this embodiment. Note that "a" of a signal 
name "a-xxx" in Fig. 7 indicates color signals of K, C, M, 
and Y, and the respective colors correspond to these 
signal lines. In the following description, similar signal 
names will be used. 

Print data is sent, as a signal SI, to the printhead in 
synchronism with a SICK (serial clock) signal, and is 
stored in the shift register 508. When the signal DLAT* 
is made active after the data is transferred by one line, 
the data is temporarily stored in the data latches 507 in 
the ICs 1 to 11. Thereafter, heater blocks to be heated 
are sequentially selected in accordance with the signal 
ODD (odd-numbered nozzle selection signal), the signal 
EVEN (even-numbered nozzle selection signal), the sig- 
nal BENBO (block 0 selection signal), the signal BENB1 
(block 1 selection signal), and the signal BENB2 (block 
2 selection signal). Signals a-PH1* to a-PH4* and a- 
MH1 * to a-MH1 1 are then made active to send an elec- 
tricity to the heaters 501 of the respective ICs. With this 
operation, an ink is discharged from the corresponding 
nozzles to perform a print operation. 

Note that print data for the next line is transferred 
while the heaters for the currently printed line are ener- 
gized. The signal DLAT* for the next line must be made 
active after the lapse of one of the heat time of the heat- 
ers for the currently printed line or the data transfer time, 
whichever is longer This is because, if the signal DLAT* 
for the next line is made active in the heat time of the 
heaters for the currently printed line, print data set after 
the signal DLAT is made active becomes print data for 
the next line. 

In general, the print speed is determined mainly by 
the basic performance of a printhead. In this case, since 
the heat time of the heaters is longer than the data trans- 
fer time, the signal DLAT* becomes active in a print op- 
eration after a normal heater energizing operation. 

Referring to Fig. 7, reference numeral 701 denotes 
the energization timing of the 1 st heater, the 1 7th heater, 
the 33rd heater the 1,393rd heater. At the timing 701, 
since data (DATA) is "O", only the heat pulses based on 
a signal a-PT* are applied. Reference numeral 702 de- 
notes the heat timing of the 2nd heater, the 18th heater, 
the 34th heater,..., the 1,394th heater. At the timing 702, 
since data is "1", main heat pulses of a width T3 are 
applied after a pre-heat period of a width T1 and a qui- 



escent period of a width T2. Reference numeral 703 de- 
notes the heat timing of the 3rd heater, the 19th heater, 
the 35th heater,..., the 1 ,395 heater. Similartothetiming 
701, at the timing 703, since data is "0", only the heat 

s pulses based on the signal a-PT* are applied. 

As shown in Fig. 4, the printhead incorporates an 
EEPROM 401 for storing information about the nozzles. 
For example, the contents stored in the EEPROM 401 
include pre-pulse data, pre-pulse selection data, tem- 

10 perature adjustment pulse data, head rank data, and 
other ID data. 

[Description of Engine Circuit 1 80 and Gate Array (G AE) 
181] 

15 

Figs. 8A and 8B are block diagrams showing the 
arrangements of the gate array (GAE) 1 81 in the engine 
circuit 180. 

The GAE 181 has a function of controlling the rota- 

20 tions of motors 1 91 a to 1 91 c required for the engine cir- 
cuit 1 80, a function of controlling an encoder 1 92b which 
operates in synchronism with the movement of printing 
paper, the above printhead control function, a port con- 
trol function, and the like. Reference numeral 810 de- 

25 notes a system control circuit; 811, a decoder; 812 to 
81 4, motor drivers for rotating/driving the corresponding 
motors; 191a, the head motor for vertically moving the 
printhead 1 90 to perform a recovery operation therefor; 
191b, the capping motor for moving a cap to cap the 

30 printhead 190; and 191c, the lead motor The encoder 
192b is brought into contact with printing paper as a re- 
cording medium and generates a signal upon move- 
ment of the paper. The signal from the encoder 192b is 
input to an encoder control unit 81 5 to generate a signal 

35 ENCCK, which is output to a head control unit 81 6. Ref- 
erence numeral 192a denotes a sensor unit, which in- 
cludes sensors for detecting the position of the print- 
head in the vertical direction, the position of the cap, and 
the like. Input signals from these sensors are input 

40 through an I/O port 817 and output to an actuator 818. 
Reference numeral 816 denotes a head control unit for 
controlling data to be output to the printheads of the re- 
spective colors, performing driving control of the print- 
heads, and the like. The operation of the head control 

45 unit 816 will be mainly described below. 

Figs. 9A and 9B are circuit diagrams of the head 
control unit 816 in this embodiment. Fig. 10 is a timing 
chart showing a printing operation controlled by the 
head control unit 816. 

50 The head control unit 816 includes a horizontal syn- 

chronization circuit 900, a vertical synchronization cir- 
cuit 901 , a transfer area circuit 902, a transfer data cir- 
cuit 903, a heat area circuit 904, a heat signal circuit 
905, and a sub-heater control circu it 906. The respective 

55 circuits will be sequentially described below. 
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(a) Horizontal Synchronization Circuit 900 

The horizontal synchronization circuit 900 is a cir- 
cuit for generating a signal HSYNC serving as a refer- 
ence signal for the printer of this embodiment. This print- 5 
er uses a stepping motor as the convey motor 172. For 
example, printing paper is conveyed by 70.5 urn (one- 
dot distance: 1/360 in.) per driving clock for the convey 
motor 172. The signal HSYNC signal is generated on 
the basis of a signal PRCK as this clock signal. 10 

In some case, the friction coefficient between print- 
ing paper and the convey belt 173 is small, and the ro- 
tation distance of the convey motor 172 does not coin- 
cide with the moving distance of the printing paper. For 
this reason, the printer incorporates the encoder 192b '5 
capable of directly detecting the moving amount of the 
printing paper so that the signal HSYNC can be gener- 
ated on the basis of a clock output signal (ENCCK) out- 
put from the encoder control unit 81 5 in accordance with 
a signal from the encoder 1 92b. 20 

The horizontal synchronization circuit 900 gener- 
ates the above signal DLAT* on the basis of a signal 
HTEND* as a heat end signal for nozzle heaters. A sig- 
nal HSTRG* is a trigger signal based on the signal 
HSYNC*. A signal PGTRG* is a trigger signal fora purge 25 
operation to be described later. 

(b) Vertical Synchronization Circuit 901 

The vertical synchronization circuit 901 generates 30 
print data request signals HK-TRG*, HC-TRG*, HM- 
TRG*, and HY-TRG*for the respective colors on the ba- 
sis of the signal HSYNC. The signal HK-TRG* is output 
after lines (TKGAP in Fig. 1 0) corresponding to ((the dis- 
tance from the TOF1 sensor 171a to the black head 35 
190K) - 1) are counted with the signal HSYNC with ref- 
erence to a signal TOF1 detected when printing paper 
is conveyed. If, for example, the distance from the TOF1 
sensor 171a to the black head 190K is 10 mm, a signal 
HK-TRG* is output after the signal HSYNCs corre- 40 
sponding to 141 clocks (10x1 ,000/70.5 - 1) are count- 
ed. That is, the signal HK-TRG* signal is output at the 
timing of transferring print data for the black head 1 90K. 
The signal HC-TRG* is output after lines (KCGAP in Fig. 
10) corresponding to ((the distance between the black «5 
head 190K and the cyan head 190C) - 1) are counted 
with the signal HSYNC. Similarly the signal HM-TRG is 
output after lines (CMGAP in Fig. 10) corresponding to 
((the distance between the cyan head 1 90C and the ma- 
genta head 190M) -1) are counted with the signal so 
HSYNC. The signal HY-TRG is output after lines (MYG- 
AP in Fig. 1 0) corresponding to ((the distance between 
the magenta head 1 90M and the yellow head 1 90Y) - 1 ) 
are counted with the signal HSYNC. With these opera- 
tions, data can be transferred to the head of each color ss 
at the timing one line ahead of the position of the print- 
head. 

The engine circuit 160 returns a signal HK-ENB* on 



the basis of the signal HK-TRG*. The signal HK-ENB* 
is used to count lines to be printed, and corresponds to 
the page length. While the signal HK-ENB* is active, the 
signal HK-TRG* is output in synchronism with the signal 
HSYNC* to transfer data in units of lines. The same op- 
eration is performed with respect to signals HC-ENB*. 
HM-ENB*, and HY-ENB*. 

With this data transfer method, print data can be" 
transferred from the formatter 110 to the engine 150 
without incorporating any print buffer in the engine 1 50 
so that a great reduction in the cost of the engine 150 
can be attained. 

The signal PRTRG* is the logical sum of a trigger 
signal HSTRG* output in synchronism with the signal 
HSYNC and the signal PGTRG*. This will be described 
later. 

The vertical synchronization circuit 901 also gener- 
ates a signal HTTRG* for starting to send an electricity 
to nozzle heaters. 

(c) Vertical Registration Adjustment 

As described above, in the color printer, the print 
dot positions for the respective colors must accurately 
coincide with each other. This is because dots of colors 
other than cyan, magenta, and yellow are printed while 
being superposed on dots of other colors. For example, 
a blue dot is printed by superposing cyan and magenta 
dots; a red dot, by superposing magenta and yellow 
dots; and a green dot, by superposing yellow and cyan 
dots. However, since the print dot size is as small as 
70.5 urn, such a precision cannot be mechanically at- 
tained. For this reason, a registration adjustment func- 
tion is required. In this printer, the CPU-E 161 sets the 
counter value for generating the above print data re- 
quest signal in the GAE 181 . Even if, therefore, the me- 
chanical precision is low, the print dot positions can be 
accurately aligned by changing the counter value. 

(d) Transfer Area Circuit 902 

Fig. 11 is a timing chart showing a sequence of op- 
erations of the transfer area circuit 902 and the transfer 
data circuit 903 in this embodiment. 

The transfer area circuit 902 generates a signal 
HDATACK as a data transfer clock signal for the engine 
circuit 160, a signal SCAREA for generating the output 
timing of the SICK signal for the printhead 190, and a 
signal SDAREA for generating an effective area timing 
for each color data. 

As described above, the printhead 1 90 has nozzle 
areas which cannot be used for a print operation. For 
these areas, only the SICK signal must be transferred 
without transferring actual data with the SI signal (i.e., 
transferring °0" data instead). In addition, only one sig- 
nal HDATACK is transferred to the engine circuit 160. 
For this reason, in order to perform horizontal registra- 
tion adjustment in the GAE 181 for each color, the SICK 
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signal corresponding to the total number of nozzles may 
be output after the SICK signal is delayed by a time cor- 
responding to a registration adjustment area with re- 
spect to the signal SCAREA, and the signal HDATACK 
corresponding to the number of print dots may be output 
after the signal HDATACK is delayed by a time corre- 
sponding to (an area which cannot be used for a print 
operation (24 nozzles)) + (a horizontal registration ad- 
justment area (16 nozzles) = ) 40 clocks with respect to 
the signal SCAREA. 

(e) Horizontal Registration Adjustment 

As described above, since an increase in mechan- 
ical position precision is limited, the print positions in the 
horizontal direction must also be electrically adjusted. 
This adjustment method can be realized by shifting the 
signal SCAREA for each color and adjusting the output 
timing of the SICK signal for each color More specifi- 
cally, the CPU-E 161 adjusts the value of the horizontal 
registration adjustment register of the GAE 1 81 between 
"O" and "15" to change the number of clocks between 
the signal HDATACK and the SICK signal, thereby 
changing the positions of print nozzles in the horizontal 
direction. Assume that the horizontal registration adjust- 
ment of the black (K) head is set to "8", and the horizon- 
tal registration adjustment of the cyan (C) head is set to 
"15". In this case, eight nozzles of the print nozzles of 
the black head 1 90K on the right side are set as unused 
nozzles for horizontal registration adjustment, and 15 
nozzles of the print nozzles of the cyan head 190C on 
the right side are set as unused nozzles for horizontal 
registration adjustment. In this state, a print operation is 
performed. 

(f) Heat Area Circuit 904 

The heat area circuit 904 generates a signal PHCK 
serving as a reference signal for time-divisionally send- 
ing an electricity to nozzle heaters, the time-division sig- 
nals ODD, EVEN, BENB0, BENB1 , and BENB2 from the 
signal PHCK, and signals K-FAREA, C-FAREA, M-FA- 
REA, and Y-FAREA indicating the timings at which an 
electricity is time-divisionally sent to the nozzles of the 
respective colors. Note that the arrangement of the heat 
area circuit 904 will be described in detail later. 

(g) Heat Signal Circuit 905 

The heat signal circuit 905 generates the signals 
PHEAT1 * to PHEAT4* and the signals MH1* to MH11* 
required to perform a print operation based on double 
pulse control, and the signal PT* as a heat pulse for in- 
ternal temperature adjustment for each color. Referring 
to Fig. 7, "a-PT*" is a general term corresponding to the 
printheads 190K, 190C, 190M, and 190Y of the inks of 
the respective colors. The signals PHE AT1 * to PHE AT4* 
are used as control signals for applying pre-pulses dur- 



ing a normal print operation. 

A circuit, in the heat signal circuit 905, which gen- 
erates pre-pulses will be described in detail later. 

s (h) Sub-heater Control circuit 906 

The printhead 190 includes sub-heaters for heat- 
ing/controlling the head independently of the nozzle 
heaters. The sub-heater control circuit 906 controls the 
10 sub-heaters. 

(i) Recovery Operation 

The ink-jet printer requires an operation sequence 
is called a recovery operation to prevent clogging of noz- 
zles in the printhead. This operation is required to elim- 
inate factors which make the ink discharge operation un- 
stable. For example, an ink may coagulate in nozzles, 
or dust and the like may adhere to the orifices of nozzles. 
20 More specifically, the ink in the printhead is pressurized 
and circulated, or the ink is forcibly discharged from all 
the nozzles. 

Such an operation is irrelevant to the normal oper- 
ation of the printer and must be performed independent- 
's |y of the formatter 110. Therefore, the recovery opera- 
tion must be performed by only the engine 1 50. The re- 
covery operation is basically performed during a period 
other than that of a print operation. If, however, the print 
time is long or high-density print operations are consec- 
30 utively performed, a recovery operation must be per- 
formed even during the print operation. For this reason, 
recovery sequences are based on two operation tim- 
ings, i.e., an off-printing purge operation timing and an 
on-printing purge operation timing, each of which re- 
35 quires control (see Fig. 10). 

(j) Off-printing Purge Operation 

The recovery operation of the printhead is an oper- 
40 ation of discharging an ink from all the nozzles. No ref- 
erence will be made to other operations, e.g., forcibly 
circulating an ink and wiping the discharge surfaces of 
the nozzles. An off-printing purge operation sequence 
will be described with reference to Fig. 10. 

45 

(1 ) The CPU-E 161 sets "1 n first in the PURGE reg- 
ister of the GAE 181 , and then sets "0" therein. 

(2) The GAE 1 81 sets a signal PGOP indicating the 
execution of a purge operation to "1", and causes 

so the horizontal synchronization circuit 900 to output 

the signal PGTRG*. 

(3) The vertical synchronization circuit 901 outputs 
the signal HTTRG* on the basis of the signal 
PGTRG*. At this time, the signal PRTRG* is not out- 

55 put because no print data is requested. 

(4) The transfer data circuit 903 fixes the signal SI 
as the print data of each color to high level and 
transfers the SICK signal. 
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The detailed arrangement and operation of the 
transfer data circuit 903 will be described later. 

(5) The heat area circuit 904 and the heat signal 
circuit 905 generate normal double pulses from the 5 
signal HTTRG* to discharge an ink from printheads. 
When this ink discharging operation is completed, 
the signal HTEND* becomes active. 

(6) The horizontal synchronization circuit 900 
makes the signal DLAT* active in accordance with 10 
the signal HTEND*. With this operation, all the data 

in the printhead are set to the ON (T) state, and 
afterward ink is discharged from all of orifices in the 
printhead (hereinafter this ink discharge operation 
is referred to as a a full-dot discharging operation"), is 

(7) The vertical synchronization circuit 901 counts 
the signal DLAT*, and the CPU-E 161 performs a 
full-dot discharging operation the number of times 
set in the NPG register of the GAE 181 . 

(8) When the operation is completed, the GAE 181 20 
sets the signal PGOP to "0", and the CPU-E 161 
reads this signal and detects the end of the purge 
operation. 

With the above operations, the off-printing purge 25 
operation is performed. 

(k) On-printing Purge Operation 

As described above, the transfer timing of print data 30 
differs from the nozzle heat timing of the printhead for 
the print data by one line. If, therefore, the above off- 
printing purge operation is performed during a print op- 
eration, print data for one line is lost, and printing is per- 
formed on the printing paper with all inks throughout the 35 
one line. For this reason, in the on-printing purge oper- 
ation, the data transfer request signal to the formatter 
110 is disabled at the timing of one line before the exe- 
cution of the purge operation, and the data transfer re- 
quest signal is output at the timing at which the on-print- 40 
ing purge operation is ended. This operation can be re- 
alized by controlling the timing at which the CPU-E 161 
sets "1" in the PURGE register of the GAE 181 in the 
following manner. 

45 

(1 ) The CPU-E 161 detects the timing of the execu- 
tion of an on-printing purge operation through some 
means. 

(2) The CPU-E 161 sets "1" in the PURGE register 

of the GAE 181. so 

(3) The vertical synchronization circuit 901 of the 
GAE 181 masks the signal PRTRG* as the print 
data request signal to inhibit its output. 

(4) The CPU-E 161 sends a clock to the convey 
motor 1 72 to convey the printing paper by one dot. ss 

(5) Although the GAE 181 generates the signal 
HSYNC, the signal PRTRG* is not output. For this 
reason, data transfer from the formatter 110 is not 



performed. Since the signal HTTRG* is output, data 
for the m-th line is printed. 

(6) The CPU-E 161 sets "0" in the PURGE register 
of the GAE 181. 

(7) The vertical synchronization circuit 901 of the 
GAE 181 cancels the masked state of the signal 
PRTRG* to output it afterward. 

(8) The GAE 181 performs the same operation as* 
the off -printing purge operation. 

(9) When the off-printing purge operation is com- 
pleted, the vertical synchronization circuit 901 of the 
GAE 181 outputs a signal PPTRG*. 

(10) The transfer area circuit 902 and the transfer 
data circuit 903 of the GAE 181 transfer data for the 
(m + 1)th line. 

(11) After the signal SCAREA becomes inactive by 
the signal PPTRG*, the horizontal synchronization 
circuit 900 of the GAE 181 outputs the signal DLAT*. 

(12) The normal print operation is resumed. 

With the above operations, not only the on-printing 
purge operation is properly performed, but also a proper 
print operation is performed. 

[Detailed Description of Double Pulse Print Control (pre- 
heat pulse control in particular)] 

As known well, in applying a voltage to each nozzle 
heater, the ink discharge amount can be stabilized by 
using a method of applying a short pulse (pre-pulse) 
first, and then applying a long pulse (main pulse) rather 
than by using a method of applying one longer pulse in 
one operation. The former method is called a double 
pulse print control method. Portions T1 and T3 in Fig. 7 
respectively correspond to the pre-pulse and the main 
pulse. 

In this embodiment,four types of pre-pulse signals 
are used for the four printheads 1 90K, 1 90C, 1 90M, and 
190Y for discharging inks of the respective colors. The 
reason for this will be described below. 

Since the ink discharge amount per nozzle of the 
printheads varies depending on the manufacturing proc- 
esses, density unevenness occurs on a printed image 
in units of nozzles. In order to prevent such density un- 
evenness, the width of the pre-heat pulse, therefore, 
must be changed in units of nozzles. More specifically, 
a long pre-heat pulse is applied to a nozzle with a small 
discharge amount, while a short pre-heat pulse is ap- 
plied to a nozzle with a large discharge amount. For this 
reason, a plurality of pre-pulse signals are required. 

The four types of pre-pulses are set as follows. The 
CPU-E 161 reads out pre-pulse data recorded on the 
EEPROM 401 in each printhead and sets the data in the 
GAE 181. The GAE 181 then generates the signals a- 
PH1* to a-PH4* at a proper timing. 

The pulse width setting operation in units of nozzles 
is determined by pre-pulse selection data. There are 
four types of pre-pulse data, and 2-bit data may be used 
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to select p re-pulse data through a selection circuit (not 
shown). More specifically, when the value of the 2-bit 
data is "00", the signal PHEAT1 * is applied to the corre- 
sponding nozzle heater. Similarly, the signal PHEAT2* 
is applied when the data is "01"; the signal PHEAT3*, 
when the data is H 10°; and the signal PHEAT4*, when 
the data is "11" 

This setting of the selection signals is executed in 
accordance with the pre-pulse setting sequence in Fig. 
1 2. For the sake of descriptive convenience, the symbol 
"a-" of each signal name in Fig. 12 is used as a general 
term, although different signals are used for the print- 
heads of the respective inks. 

The CPU-E 161 reads out the LSB (bit 0) of 2-bit 
pre-pulse selection data from the EEPROM 401 of each 
printhead when the power supply of the printer is turned 
on. The CPU-E 161 then sets this data in the GAE 181. 
The GAE 181 transfers the selection data to the print- 
head with the signal SI in synchronism with the SICK 
signal. In this manner, the selection data associated with 
a total of 1 ,408 nozzles of the printhead are stored in 
the shift registers 508 of all the ICs of the printhead. 
When this transfer is completed, the signal LATA* be- 
comes active (low active). With this operation, the se- 
lection data from the shift registers 508 are latched by 
the selection data latches 505. 

Subsequently, the CPU-E 161 reads out the MSB 
(bit 1 ) of the 2-bit pulse selection data from the EEPROM 
401 in the printhead, and sets the data in the GAE 181 
similar to the setting of bit 0. The GAE 181 outputs the 
selection data to the printhead with the signal SI in syn- 
chronism with the SICK signal. In this manner, the se- 
lection data associated with a total of 1 ,408 nozzles of 
the printhead are stored in the shift registers 508 of all 
the ICs. When this transfer operation is completed, the 
latch signal LATB* becomes active (low active). With 
this operation, the selection data from the shift registers 
508 are latched by the selection data latches 506. 

With the above operation, the 2-bit selection data 
associated with a total of 1 ,408 nozzles of the printhead 
are latched in the printhead. Thereafter, optimal pre- 
pulses for the respective nozzles are selected in accord- 
ance with the signals PHEAT1*, PHEAT2*, PHEAT3*, 
and PHEAT4*. With this operation, the ink discharge 
amounts from the respective nozzles are made uniform 
to prevent density unevenness. 

Note that the main pulse is a pulse for actually caus- 
ing ink to be discharged and is controlled in units of ICs. 

The above pre-pulse data setting operation will be 
described next with reference to an actual circuit. 

Fig. 1 3 is a circuit diagram showing the detailed ar- 
rangement of a transfer data circuit. Since this circuit 
arrangement is common to print operations using four 
types of inks or the four printheads, Fig. 13 shows an 
arrangement for one printhead. For the sake of descrip- 
tive convenience, the symbol "a-" of each signal name 
in Fig. 13 is used as a general term, although different 
signals are used for the printheads of the respective 



inks. In practice, therefore, for example, a signal a- 
CSPH includes signals K-CSPH, C-CSPH, M-CSPH, 
and Y-CSPH according to the types of printheads. 

Referring to Fig. 13, reference numeral 1501 de- 

5 notes a shift register; 1502 to 1507, AND circuits; 1508 
to 1510, OR circuits; and 1511, an inverter. 

In a normal print operation, the transfer data circuit 
outputs a print data signal a-DATA transferred from the 
engine circuit 160 as a signal a-SI to the printhead. 

10 When the power supply of the printer is turned on, the 
CPU-E 161 reads out the above pre-pulse selection sig- 
nals from the EEPROM 401 in the printhead. 

First of all, the signal K-CSPH as a selection signal 
for the printhead 190K is made active. The GAE 181 

15 then connects a signal SCK to a signal K-SICK, and con- 
nects a signal SDO to a signal K-SI in accordance with 
the signal K-CSPH. The CPU-E 161 transfers the LSB 
(bit 0) of the 2-bit pre-pulse selection signal as the signal 
SDO to the printhead 190K. When this transfer opera- 
te tion is completed, the signal C-CSPH* as a selection sig- 
nal for the printhead 1 90C is made active, and the same 
setting operation as that for the printhead 190K is per- 
formed. The same applies to the printheads 190M and 
190Y. Thereafter, the signal LATA* corresponding to the 

25 port function of the GAE 181 is made active. 

Next, the MSB (bit 1 ) of the 2-bit pre-pulse selection 
signal is transferred, as the signal SDO, to the printhead 
190K by making the signal K-CSPH* active. Thereafter, 
the signal C-CSPH* is made active and transferred to 

30 the printhead 190C. Likewise, the signals are sequen- 
tially transferred to the printheads 1 90M and 1 90Y and 
the latch signal LATB* becomes active. With this oper- 
ation, data setting in the selection logic 504 of the print- 
head 190K is completed. 

35 With the above operation, the signals PHEAT1* to 
PHEAT4* in the printheads 190K, 190C, 190M, and 
190Y can be selected in units of nozzle heaters. 

These pre-pulses and main pulses are required for 
each ink color (or each printhead). For this reason, the 

40 signals PHEAT1* to PHEAT4* connected to the print- 
head 190K are respectively signals K-PH1* to K-PH4*; 
and the signals MH1* to MH11*, signals K-MH1* to K- 
MH1 1 *. Similarly the signals PHEAT1 * to PHEAT4* con- 
nected to the printhead 190C are respectively signals 

45 C-PH1*toC-PH4*; and the signals MH1* to MH11*, sig- 
nals C-MH1 * to C-MH11*. The signals PHEAT1 * to 
PHEAT4* connected to the printhead 190M are respec- 
tively signals M-PH1* to M-PH4*; and the signals MH1 * 
to MH11*, signals M-MH1* to M-MH11*. The signals 

50 PHE AT1 * to PHEAT4* connected to the printhead 1 90Y 
are respectively signals Y-PH1* to Y-PH4*; and the sig- 
nals MH1*toMH11*, signals Y-MH1 * to Y-MH11 *. 

Fig. 1 4 is a block diagram showing the arrangement 
of a circuit, in the heat signal circuit 905, which gener- 

55 ates pre-pulses. Since this circuit arrangement is com- 
mon to the four colors, Fig. 14 shows only an arrange- 
ment for one color. The symbol "a-" in Fig. 1 4 represents 
a general term of signal names, which should be repre- 



11 



BNSDOCID: <EP 0710562A1_I_> 



21 



EP 0 710 562 A1 



22 



sented by different symbols for the respective colors. 
Referring to Fig. 14, reference numerals 1601 to 1604 
denote TO count circuits; 1 61 1 to 1 61 4, T1 count circuits; 
and 1621 to 1624, PH output circuits. 

In this arrangement, the TO count circuit 1 601 , the s 
T1 count circuit 1611, and the PH output circuit 1621 
generate the first type of pre-heat pulse signal (a-PH1 *). 
The TO count circuit 1602, theT1 count circuit 1612, and 
the PH output circuit 1622 generate the second type of 
pre-heat pulse signal (a-PH2*). The TO count circuit 10 
1 603, the T1 count circuit 1613, and the PH output circuit 
1 623 generate the third type of pre-heat pulse signal (a- 
PH3*). The TO count circuit 1604, the T1 count circuit 
1614, and the PH output circuit 1 624 generate the fourth 
type of pre-heat pulse signal (a-PH4*). 15 

As described above, since the four types of pre-heat 
pulse signals are generated by the circuits having the 
same arrangement, only the generation of the pre-heat 
pulse signal (a-PH1*) will be described below. 

The TO count circuit 1 601 counts a time correspond- 20 
ing to the value of TO for the signal K-PH1* starting from 
the signal PHCK, then makes a signal SHP active. The 
T1 count circuit 1611 counts a time corresponding to the 
value of T1 after the signal SHP becomes active, and 
makes a signal HHP active. The PH output circuit 1621 2s 
generates the signal a-PH1* from the signals SHP and 
HHP. The signals a-PH2* to a-PH4* are also generated 
by the same operation as described above. 

The pre-pulse signal, therefore, can be generated 
by connecting two counters. The generation of the main 30 
pulse signal requires control for each IC (in this embod- 
iment, as shown in Fig. 4, one printhead includes 11 
ICs). 

The main pulse can also be generated by connect- 
ing two counters as in the case of a pre-pulse. 35 

With the above operation, double pulse control can 
be properly performed. 

A circuit for generating a signal (PT*) for adjusting 
the internal temperature is constituted by one counter 
for each of the color components (K, C, M, and Y) of 40 
print data. 

A signal K-PT* (see Fig. 7) as a heat pulse for this 
internal temperature control is made active at the lead- 
ing edge of the signal PHCK, and is made inactive when 
a time corresponding to the value of T6 (see Fig. 7) set 45 
in the K-PT register (not shown) is counted. Signals C- 
PT*, M-PT*, and Y-PT* also change in the same manner 
as described above. Temperature control in the print- 
head, which is based on the signals K-PT*, C-PT*, M- 
PT*. and Y-PT*, is performed by nozzle heaters which so 
are not used for a print operation. 

Although this embodiment exemplifies an ink-jet 
printer, the present invention is not limited to this and 
can be applied to a thermosensilive transfer printer us- 
ing line heads and other types of color printers. 55 

This embodiment also exemplifies a color printer 
using printheads for four colors. However, the present 
invention can be equally applied to a printer having at 



least one line head. 

In addition, the constants in this embodiment, e.g., 
the number of nozzle heaters and the number of LSIs, 
are merely examples, and the present invention is not 
limited to them. 

Furthermore, this embodiment exemplifies a printer 
constituted by a formatter and an engine as separate 
units. As is apparent, however, the present invention" 
can be applied to an integrated printer. 

Moreover, the engine in this embodiment is consti- 
tuted by the two separate circuit blocks. However, the 
present invention is not limited to this. The engine may 
be constituted by one circuit block. 

According to this embodiment, the pre-heat pulse 
width is controlled for each nozzle of each printhead, 
and double pulse control can be performed by selecting 
optimal pulse widths. Therefore, variations in the ink dis- 
charge amounts from one nozzle to another nozzle can 
be properly corrected. With this operation, high print 
quality can be maintained. 

In addition, since the print data output lines connect- 
ed to the printheads are used to set pre-heat pulse data 
therein, the number of signal lines between the printer 
and the printheads can be reduced, and the printer can 
be reduced in size. 

[Second Embodiment] 

Another example of double pulse print control will 
be described below. Since the basic arrangement of a 
printer used in this embodiment is the same as that de- 
scribed in the first embodiment, a repetitive description 
of the arrangement and operation will be avoided. Only 
the characteristic arrangement and operation of the sec- 
ond embodiment will be described below. 

[Description of Double Pulse Print Control] 

Double pulse print control as characteristic control 
in this embodiment will be described next with reference 
to the arrangement of the printhead IC (head substrate) 
in Fig. 5, the timing chart in Fig. 7 showing the print se- 
quence, the quiescent time/ink discharge amount char- 
acteristics in Fig. 1 5, and the heat signal circuit (MH unit) 
in Fig. 16. 

As known well, in applying a voltage to each nozzle 
heater, the ink discharge amount can be stabilized by 
using a method of applying a short pulse (pre-pulse) 
first, and then applying a long pulse (main pulse) rather 
than by using a method of applying one longer pulse in 
one operation. In the former method, control of the ink 
discharge amounts is called double pulse control. Re- 
ferring to Fig. 7, reference symbol T1 denotes a pre- 
pulse; and T3, a main pulse. 

In the printhead IC (head substrate) in Fig. 5, a sig- 
nal PT* is a signal for adjusting the internal temperature 
of each printhead. When the internal temperature of the 
printhead is low, this signal is used to apply pulses to 
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nozzle heaters which are not used for a print operation 
so as to raise the temperature of the printhead. This 
pulse width is set in a manner such that a CPU-E 161 
reads out temperature adjustment pulse data from an 
EEPROM 401 in the printhead, and then sets the data 
in a GAE 181. The GAE 181 outputs the signal PT* at 
the timing shown in Fig. 7 on the basis of the set value 
("a-PT*" in Fig. 7 represents a general term correspond- 
ing to printheads 190K, 190C, 190M, and 190Yfor the 
respective inks). Signals PHEAT1 * to PHEAT4* are also 
used as control signals for applying pre-pulses during a 
normal print operation. 

Four types of pre-pulse signals are used for the fol- 
lowing reason. 

Since the ink discharge amounts from the print- 
heads vary depending on the manufacturing processes, 
density unevenness occurs in an actual print operation 
in units of nozzles. The width of a pre-heat pulse, there- 
fore, must be changed in units of nozzles in order to pre- 
vent such density unevenness. More specifically, a long 
pre-heat pulse is applied to a 'nozzle with a small dis- 
charge amount, while a short pre-heat pulse is applied 
to a nozzle with a large discharge amount. For this rea- 
son, a plurality of signals for pre-pulses are required in 
accordance with the ink discharge amounts from the 
nozzles. 

Control associated with the main pulse will be de- 
scribed next. 

Since nozzle heaters are manufactured in a semi- 
conductor process, variations of the nozzle heaters in 
each printhead IC (head substrate) are small, but vari- 
ations in units of ICs are large. As described above, as 
the variations of the nozzle heaters increase, density un- 
evenness occurs, and the print quality deteriorates. For 
this reason, control must be performed to suppress den- 
sity unevenness by changing the value of T3 represent- 
ing the main pulse width in units of ICs. For this purpose, 
the CPU-E 161 reads out head rank data (a parameter 
which quantifies the degree of density unevenness cor- 
responding to the IC) from the EEPROM 401 in the print- 
head, and sets the data in the GAE 181. The GAE 181 
outputs a signal representing the pulse width (T3) set 
by a signal MHENB* at a proper timing. With this oper- 
ation, density unevenness can be prevented in units of 
ICs. 

A method of setting a quiescent time (T2) between 
the pre-pulse (T1) and the main pulse (T3) will be de- 
scribed next. 

Since the printer of this embodiment includes many 
nozzles, the print width is long. For this reason, the in- 
ternal temperature of the printhead locally rises at a por- 
tion in which printing density is high, butthe internal tem- 
perature is not so high at a portion in which printing den- 
sity is low . As a result, a temperature gradient is pro- 
duced in one printhead. If this temperature gradient be- 
comes steep, the ink discharge amount from each noz- 
zle becomes unstabilized, and density unevenness oc- 
curs. For this reason, ink discharge control in consider- 



ation of this temperature off-balance is required. 

Fig. 1 5 shows the ink discharge amount character- 
istics indicating the relationship between the ink dis- 
charge amount and T2. It is known that the ink discharge 

5 amount increases to its peak while the value of T2 re- 
mains 0 to several u^sec, and then gradually decreases 
with an increase in the value of T2. This phenomenon 
is associated with the mechanism of forming bubbles 
and ink droplets : and is well known. For this reason, a 

10 detailed description of the phenomenon will be omitted. 
According to the above relationship, T2 may be set to 
be several jisec at a low-temperature portion of the 
printhead, whereas T2 may be brought closer to "0" at 
a high-temperature portion. This control can be per- 

is formed in units of LSIs in the printhead. It is known, how- 
ever, that the temperature gradient is not so steep as to 
change in units of LSIs. That is, control in units of groups 
of LSIs is more advantageous because the control op- 
eration is simplified, and it contributes to reducing the 

20 circuit size of the head substrate. 

In this embodiment, therefore, one printhead is di- 
vided into a plurality of portions, and T2 corresponding 
to the temperature of each divided portion is supplied to 
the printhead to perform ink discharge control, thereby 

25 realizing correction in consideration of the temperature 
gradient in the printhead. 

The head substrate arrangement of the printhead 
in Fig. 4 is obtained with a division number of "3". The 
CPU-E 161 detects the representative temperatures of 

30 the respective groups from signals DKA1, DIK1, DIA2, 
DIK2, Dl A3, and DIK3 as signals from temperature sen- 
sors for the respective groups in the printhead, and sets 
the values of T5 corresponding to the respective repre- 
sentative temperatures in the GAE 181. The GAE 181 

35 measures the time T5 for each of the three groups, 
based on the set values, and outputs a main pulse. In 
this manner, density unevenness caused by a temper- 
ature gradient in one printhead can be prevented. 

Figs. 16Aand 16B are circuit diagrams showing the 

40 detailed arrangement of a heat signal circuit for gener- 
ating a main pulse (T3). 

The heat signal circuit is a circuit for generating the 
signals PHEAT1* to PHEAT4* and signals MH1* to 
MH11* required for the above double pulse print control 

45 for each ink color. Since these signals are required for 
each ink color, the signals PHEAT1 * to PHEAT4* con- 
nected to the printhead 190K are respectively signals 
K-PH1* to K-PH4*; and the signals MH1* to MH11*. sig- 
nals K-MH1* to K-MH11*. Similarly, the signals 

so PHEAT1 * to PHEAT4* connected to the printhead 1 90C 
are respectively signals C-PH1 * to C-PH4*; and the sig- 
nals MH1* to MH11*, signals C-MH1 * to C-MH11*. The 
signals PHEAT1* to PHEAT4* connected to the print- 
head 1 90M are respectively signals M-PH1 * to M-PH4*; 

55 and the signals MH1* to MH11*, signals M-MH1* to M- 
MH11*. The signals PHEAT1* to PHEAT4* connected 
to the printhead 190Y are respectively signals Y-PH1* 
to Y-PH4*; and the signals MH1* to MH11*. signals Y- 
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MH1* to Y-MH11*. 

First ol all, the signal K-PH1 becomes active after 
a time corresponding to TO corresponding to the signal 
K-PH1 on the basis of a signal PHCK, and becomes in- 
active after a time corresponding to T1 is counted. A 5 
similar operatbn is performed with respect to the 'sig- 
nals K-PH2* to K-PH4* In addition, the same operation 
is performed as to the signals C-PH1 * to C-PH4*, M- 
PH1* to M-PH4*, and Y-PH1* to Y-PH4* which are re- 
spectively used for discharging inks of the respective w 
colors. In generating a pre-pulse signal, two counters 
may be connected. 

In contrast to this, the generation of the main pulse 
signal requires control for each IC (in this embodiment, 
as shown in Fig. 4, one printhead includes 11 ICs). The 1$ 
main pulse can also be generated by connecting two 
counters as in the case of the pre-pulse. However, since 
four signals for main pulses are required for each IC, i. 
e., a total of 44 signals are required, 88 counters are 
required. Each counter has a large circuit size. That is, 20 
the size of a circuit constituted by 88 counters is very 
large, and this results in deteriorating the reliability of 
the circuit. For this reason, in this embodiment, the cir- 
cuit arrangement is designed such that basic pulses are 
generated for the generation of main pulses, and nec- 25 
essary pulses are selected. 

As shown in Figs. 16A and 16B : the heat signal cir- 
cuit for generating main pulses is constituted by a T5 
count circuit 1210 for generating a pulse of T5 (see Fig. 
7), selection circuits 1211 to 1 21 4 therefor, T3 count cir- 30 
cuits 1 221 to 1 232 for generating a pulse of T3 (see Fig. 
7), selection circuits 1241 to 1252 therefor, T5 register 
circuits 1261 to 1264, and latch circuits 1271 to 1274. 
The total number of counters is 13 according to the 
above constructed circuit. That is, the circuit size is 35 
about 1/4 that of the circuit constituted by only counters. 

The signal K-MH1 will be described first. 

The T5 selection circuit 1211 selects a signal BP as 
an output from the T5 count circuit 1 210 for counting a 
time corresponding to T5 set in the register (not shown) 40 
of group 1 of the printhead 190K, and determines a sig- 
nal BP1*. TheT5 selection circuit 1211 then outputs the 
signal BP1* to the T3 count circuit 1221. The T3 count 
circuit 1221 outputs 16 types of main pulses (MPO to 
MP15) to the T3 selection circuit 1241. Selection data 45 
is set in the K-MH1 register in the T3 selection circuit 
1241. The T3 selection circuit 1241 outputs the signal 
K-MP1 * on the basis of the 16 input main pulses (MPO 
toMP15). 

As is apparent from the circuit arrangement in Figs, so 
16A and 16B, since T5 remains the same with respect 
to the K-MH2* to K-MH4*, the signal BP1 * is identical to 
the signal K-MH1*. However, since T3 is set in units of 
ICs, the signals respectively set in the K-MH2 register, 
the K-MH3 register, and the K-MH4 register in the T3 55 
selection circuit 1241 are selected 'by the T3 selection 
circuit 1241 to output the signals K-MH2*to K-MH4*. 

With respect to the signals K-MH5* to K-MH7\ the 



value of T5 becomes equal to the value set in the reg- 
ister (not shown) of group 2 of the printhead 190K, and 
a signal BP2 is determined. The T3 count circuit 1222 
performs the same operation as described above to out- 
put main pulses (MPO to MP1 5). The T3 selection circuit 
1242 selects the signal set in the K-MH5 register in the 
circuit, and outputs the signal K-MH5*. Similar opera- 
tions are performed to output the signals K-MH6* and' 
K-MH7*. 

With respect to the signals K-MH8* to K-MH1 1 *, the 
value of T5 becomes the value set in the register (not 
shown) of group 3 of the printhead 190K, and a signal 
BP3* is determined. Other operations are the same as 
those described above. 

The same operation as that descried above with ref- 
erence to the black ink discharging operation is per- 
formed for signals C-MH1* to C-MH11*, M-MH1 * to M- 
MH11*, and Y-MH1* to Y-MH11* associated with dis- 
charging of inks of other colors. 

A T5 (see Fig. 7) setting operation will be described 
below, in which the pulse width is changed in accord- 
ance with a change in the temperature of each print- 
head. 

As described above, the value of T3 is stored in the 
EEPROM 401 in the printhead. When the power supply 
is turned on, the CPU-E 161 may read out the contents 
of the EEPROM 401 and set them as signals DO to D7 
in the T3 selection circuits 1 241 to 1 252. However, since 
the value of T5 must be changed in accordance with a 
change in temperature, the CPU-E 161 periodically 
reads the value of a temperature sensor in the printhead 
and sets values in the T5 selection circuits 1 21 1 to 1 21 4 
of the GAE 181 in accordance with the signals DO to D3. 
Since the CPU-E 1 61 does not manage the energization 
timings of nozzle heaters, the value of T5 may change 
during the period of sending an electricity to the nozzle 
heaters. In this case, abnormal pulses may be applied 
to the nozzle heaters. As a result, the nozzle heaters 
may be damaged. In order to prevent this, therefore, the 
printer needs a circuit arrangement for preventing T5 
from being changed during the period of sending an 
electricity to the nozzle heaters. 

This is realized by the T5 register circuits 1261 to 
1264 and the latch circuits 1271 to 1274. The latch cir- 
cuits 1271 to 1274 cause a main pulse signal to reflect 
information from the CPU-E 161, which is set in the T5 
register circuits 1261 to 1264, with a delay of one line. 
With this operation, damage to the nozzle heaters can 
be prevented. Since the value of T5 does not change 
during the period of printing one line, no abrupt change 
in ink discharge amount occurs in the process of printing 
one line. Density unevenness of a printed image, there- 
fore, can be prevented. 

Double pulse control can be properly performed 
with the above operation. 

A signal K-PT* (Fig. 7) as a heat pulse for temper- 
ature control is made active at the leading edge of the 
signal PHCK, and is made inactive after a time corre- 
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sponding to the value of T6 (see Fig. 7) set in the K-PT 
register (not shown). This circuit is therefore constituted 
by one counter. The same circuit arrangement is used 
for signals C-PT*, M-PT*, and Y-PT*. 

This embodiment exemplifies an ink-jet printer. 
However, the present invention is not limited to this and 
can be applied to a thermosensitive transfer printer us- 
ing line heads and other types of color printers. 

This embodiment also exemplifies a color printer 
using printheads for four colors. However, the present 
invention can be equally applied to a printer having at 
least one line head. 

In addition, the constants in this embodiment, e.g., 
the number of nozzle heaters and the number of LSIs, 
are only examples, and the present invention is not lim- 
ited to them. 

Furthermore, this embodiment exemplifies a printer 
constituted by a formatter and an engine as separate 
units As is apparent, however, the present invention 
can be applied to an integrated printer. 

Moreover, the engine in this embodiment is consti- 
tuted by the two separate circuit blocks. However, the 
present invention is not limited to this. The engine may 
be constituted by one circuit block. 

According to this embodiment, therefore ; even in a 
printhead having a long print width, pulse quiescent time 
control for each group in the printhead and main pulse 
width control for each IC are performed in consideration 
of (1 ) a temperature gradient and a change in tempera- 
ture in the printhead and (2) variations of ICs. With this 
control, the ink discharge amounts from the respective 
nozzles are made uniform to allow a print operation with 
high print quality. In addition, since the circuit for the 
above control is designed to minimize the number of 
counters, the circuit size can be reduced, and the overall 
size of the printer can also be reduced. 

[Third Embodiment] 

Another example of double pulse print control will 
be described below. Since the basic arrangement of a 
printer used in this embodiment is the same as that de- 
scribed in the first embodiment, a repetitive description 
of the arrangement and operation will be avoided. Only 
the characteristic arrangement and operation of the sec- 
ond embodiment will be described below. 

Fig. 17 shows the arrangement of a printhead for 
one color according to this embodiment. The arrange- 
ment of the printhead in Fig. 17 is the same as that of 
the first embodiment described with reference to Fig. 4 
except that there is no signal PT* which is input to each 
IC in the first and second embodiments. A description 
of this embodiment, therefore, will be omitted. 

Fig. 18 shows the arrangement of a head IC of the 
printhead according to this embodiment. The arrange- 
ment of the head IC in Fig. 18 is the same as that of the 
head IC in Fig. 5 described in the first embodiment ex- 
cept that no gate for inputting the signal PT* is used. A 



description of this arrangement, therefore, will be omit- 
ted. 

Fig. 19 is a timing chart showing a basic print se- 
quence according to this embodiment. The signals 

5 shown in Fig. 19 are the same as those in Fig. 7, de- 
scribed in the first embodiment, except that the signal 
PT* is not included. 

Referring to Fig. 19, reference numeral 701 denotes 
the energization timing of the 1 st heater, the 1 7th heater, 

10 the 33rd heater,..., the 1 ,393rd heater. At the timing 701 , 
since data (DATA) is "O", only the heat pulses based on 
a signal a-PH* are applied: Reference numeral 702 de- 
notes the heat timing of the 2nd heater, the 18th heater, 
the 34th heater,..., the 1 ,394th heater. At the timing 702, 

is since data is "1", main heat pulses of a width T3 are 
applied after a pre-heat period of a width T1 and a qui- 
escent period of a width T2. Reference numeral 703 de- 
notes the heat timing of the 3rd heater, the 19th heater, 
the 35th heater,..., the 1 ,395 heater. Similar to the timing 

20 701, at the timing 703, since data is "0", only the heat 
pulses based on the signal a-PH* are applied. 

Figs. 20A and 20B are block diagrams showing the 
arrangements of an engine circuit 180 and a GAE 181 
according to this embodiment. Unlike in the arrange- 
rs ments in Figs. 8A and 8B, described in the first embod- 
iment, in the arrangements of this embodiment, the sig- 
nals K-PT*, C-PT*, M-PT*, and Y-PT* used in the first 
embodiment need not be output from an encoder control 
unit 815 to printheads 190K, 190C, 190M, and 190Y. 

30 Since other arrangements are the same as those of the 
first embodiment, a description thereof will be omitted. 

Figs. 21 A and 21 B are block diagrams showing the 
arrangement of a head control unit 816 of the GAE 181 
according to this embodiment. Unlike in the arrange- 

35 ment in Figs. 9A and 9B, described in the first embodi- 
ment, in the arrangement of this embodiment, the sig- 
nals K-PT*, C-PT*, M-PT*, and Y-PT* output in the first 
embodiment need not be output from a heat signal cir- 
cuit 905. That is, the heat signal circuit 905 in this em- 

40 bodiment is a circuit for generating signals PHEAT1 * to 
PHEAT4* and signals MH1* to MH11* required to per- 
form a print operation based on double pulse control for 
each color. The heat signal circuit 905 will be described 
in detail later. Since other arrangements are the same 

45 as those in the first embodiment, a description thereof 
will be omitted. 

[Detailed Description of Double Pulse Print Control (pre- 
heat pulse control in particular)] 

50 

Pre-heat pulse control, in double pulse print control, 
which is characteristic operation control in this embodi- 
ment, will be described below. As known well, in apply- 
ing a voltage to each nozzle heater, the ink discharge 
55 amount can be stabilized by using a method of applying 
a short pulse (pre-pulse) first, and then applying a long 
pulse (main pulse) rather than by using a method of ap- 
plying one longer pulse in one operation. Portions T1 



so 
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and T3 in Fig. 19 respectively correspond to the pre- 
pulse and the main pulse. 

These pre-pulses and main pulses are required for 
each ink color (or each printhead). For this reason, the 
signals PHEAT1* to PHEAT4* connected to the print- 5 
head 190K are respectively signals K-PH1* to K-PH4*; 
and the signals MH1* to MH11*, signals K-MH1* to K- 
MH1 1 *. Similarly, the signals PHEAT1 * to PHEAT4* con- 
nected to the printhead 190C are respectively signals 
C-PH 1 * to C-PH4*; and the signals MH1* to MH11*, sig- io 
nals C-MH1* to C-MHir. The signals PHEAT1* to 
PHEAT4* connected to the printhead 1 90M are respec- 
tively signals M-PH1* to M-PH4*: and the signals MH1* 
to MH11*, signals M-MH1* to M-MH11* The signals 
PHEATl* to PHEAT4* connected to the printhead 190Y is 
are respectively signals Y-PH1* to Y-PH4*; and the sig- 
nals MH1 * to MH11*, signals Y-MH1* to Y-MH11* 

A full-line type printhead having a long print width 
like this embodiment has many ink discharge nozzles, 
and hence many nozzle heaters. For this reason, when 20 
a high-density print operation is performed, the nozzle 
heaters generate large quantities of heat, and the inter- 
nal temperature of the printhead rises. As a result, it is 
difficult to maintain the internal temperature within the 
temperature range for a proper print operation. The 2S 
printer of this embodiment includes a cooling fan to pre- 
vent such a rise in 'temperature so as to prevent an ab- 
normal rise in the internal temperature of the printhead. 
In the embodiment, with the following arrangement, 
when the internal temperature of the printhead rises to 30 
a predetermined temperature or more : no pre-pulse is 
generated in pre-pulse print control to suppress an in- 
crease in the quantity of heat generated from each noz- 
zle heater. 

Fig. 22 is a circuit diagram showing the detailed ar- 35 
rangement of the heat signal circuit. Since this circuit 
arrangement is common to print operations using four 
types of inks or the four printheads, Fig. 22 shows an 
arrangement for one printhead. For the sake of descrip- 
tive convenience the symbol °a- n of each signal name 40 
in Fig. 22 is used as a general term, although different 
signals are used for the printheads of the respective 
inks. In practice, therefore, for example, a signal a-FA- 
REA includes signals K-FAREA, C-FAREA, M-FAREA, 
and Y-FAREA according to the types of printheads. 45 

Referring to Fig. 22, reference numeral 1701 de- 
notes a pre-pulse generation circuit; 1702, a main pulse 
generation circuit; and 1703, a PHLESS circuit. 

The pre-pulse generation circuit 1701 generates 
signals a-PH 1 * to a-PH4*. These signals are generated so 
as follows. A CPU-E 161 reads out pre-pulse data from 
an EE PROM 401 in each printhead, and sets the data 
in the GAE 181. With this operation, a counter in the pre- 
pulse generation circuit 1 701 as an internal circuit of the 
GAE 1 81 generates and outputs four types of pre-pulse 55 
signals (a-HPHI* to a-HPH4*) on the basis of a signal 
PHCK. 

The main pulse generation circuit 1702 performs a 



similar operation. That is, the CPU-E 161 reads out head 
rank data from the EEPROM 401 in the printhead, and 
sets the data in the GAE 181. With this operation, a 
counter in the main pulse generation circuit 1702 as an 
internal circuit of the GAE 181 generates and outputs 
main pulse signals (a-HMH1* to a-HMHH*) for the re- 
spective ICs (ICs 1 to 11) on the basis of the signal PH- 
CK. 

The PHLESS circuit 1703 is a circuit for selecting, 
in accordance with the value set by the CPU-E 161 and 
stored in the a-PHOFF register (not shown) in the GAE 
181 , whether or not to output a pre-pulse. Assume that 
the CPU-E 161 determines, on the basis of the printing 
density attained by the printheads 190K, 190C, 190M, 
and 190Y of the printer and temperature information 
from temperature sensors arranged in the printheads, 
that the printing density is low or the temperatures of the 
printheads have decreased because of a low operation 
environmental temperature. In this case, the CPU-E 1 61 
sets "0" in the a-PHOFF register. On the other hand, 
when the printing density is high or the operation envi- 
ronmental temperature is high, the CPU-E 161 sets "1" 
in the a-PHOFF register. 

Fig. 23 is a circuit diagram showing the detailed ar- 
rangement of the PHLESS circuit 1 703. Referring to Fig. 
23, reference numeral 1710 denotes a flip-flop; 1711, 
an inverter; 1721 to 1725, AND circuits; and 1731 to 
1741, OR circuits. 

With the above circuit arrangement, when a 0 p is set 
in the a-PHOFF register, pre-pulse signals (a-HPH1* to 
a-HPH4*) generated by the pre-pulse generation circuit 
1701 are directly output as pre-pulse selection signals 
(a-PH1* to a-PH4*), and main pulse signals (a-HMH1* 
to a-HMH11*) generated by the main pulse generation 
circuit 1 702 are directly output as main pulse signals (a- 
MH1* to a-MH11*). With this operation, when the print- 
ing density is low or the internal temperature of each 
printhead has decreased because of a low operation en- 
vironmental temperature, pre-pulses are applied to all 
the nozzle heaters in the printhead to uniformly heat the 
printhead. Therefore, the ink discharge amount from 
each nozzle is stabilized. 

When "1 ■ is set in the a-PHOFF register outputting 
of pre-pulse selection signals (a-PH 1* to a-PH4*) is in- 
hibited. In this case, only one pre-pulse signal (a- 
HPH1 *) is commonly applied to the OR circuits 1 731 to 
1741. With this operation, signals based on the logical 
sums between the signal a-PH1* and the respective 
main pulses are respectively applied to only nozzle 
heaters, of the nozzle heaters of the printhead, for which 
print data are present. Thus, double pulse control is sub- 
stantially executed for the nozzle heaters used for a print 
operation. In contrast to this, a heating operation using 
pre-pulses is not performed for the nozzle heaters which 
are not used for the print operation. 

According to this embodiment, when it is deter- 
mined, on the basis of the printed state information from 
each printhead or the internal temperature of each print- 
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head, which are monitored by the CPU, that the printing 
density is high or the operation environmental temper- 
ature is high, double pulse print control is performed 
such that no pre-pulses are applied to the printhead, and 
double pulses are substantially applied to only the noz- 
zle heaters which are used for a print operation. With 
this control, the total quantity of heat generated by the 
nozzle heaters is suppressed low, and a rise in the 'tem- 
perature of each printhead can be suppressed. Even if, 
therefore, the printing density is high or the operation 
environmental temperature is high, high print quality can 
be maintained. 

A combination of the control in this embodiment and 
the operation of the cooling fan will enhance the cooling 
effect. In addition, in consideration of the heat genera- 
tion suppressing effect for each nozzle heater in this em- 
bodiment, the cooling fan itself can be reduced in size. 

This embodiment exemplifies an ink-jet printer. 
However, the present invention is not limited to this and 
can be applied to a thermosensitive transfer printer us- 
ing line printheads and other types of color printers. 

This embodiment also exemplifies a color printer 
using printheads for four colors. However, the present 
invention can be equally applied to a printer having at 
least one line printhead. 

In addition, the constants in this embodiment, e.g., 
the number of nozzle heaters and the number of LSIs, 
are examples, and the present invention is not limited 
to them. 

Furthermore, this embodiment exemplifies a printer 
constituted by a formatter and an engine as separate 
units As is apparent, however, the present invention 
can be applied to an integrated printer. 

Moreover, the engine in this embodiment is consti- 
tuted by the two separate circuit blocks. However, the 
present invention is not limited to this. The engine may 
be constituted by one circuit block. 

Each of the embodiments described above has ex- 
emplified a printer, which comprises means (e.g., an 
electrothermal transducer, laser beam generator, and 
the like) for generating heat energy as energy utilized 
upon execution of ink discharge, and causes a change 
in state of an ink by the heat energy, among the ink-jet 
printers. According to this ink-jet printer and printing 
method, a high-density, high-precision printing opera- 
tion can be attained. 

As the typical arrangement and principle of the ink- 
jet printing system, one practiced by use of the basic 
principle disclosed in, for example, U.S. Patent Nos. 
4,723,129 and 4,740,796 is preferable. The above sys- 
tem is applicable to either one of so-called an on-de- 
mand type and a continuous type. Particularly, in the 
case of the on-demand type, the system is effective be- 
cause, by applying at least one driving signal, which cor- 
responds to printing information and gives a rapid tem- 
perature rise exceeding film boiling, to each of electro- 
thermal transducers arranged in correspondence with a 
sheet or liquid channels holding a liquid (ink), heat en- 



ergy is generated by the electrothermal transducer to 
effect film boiling on the heat acting surface of the print- 
head, and consequently, a bubble can be formed in the 
liquid (ink) in one-to-one correspondence with the driv- 

s ing signal. By discharging the liquid (ink) through a dis- 
charge opening by growth and shrinkage of the bubble, 
at least one droplet is formed. If the driving signal is ap- 
plied as a pulse signal, the growth and shrinkage of the 
bubble can be attained instantly and adequately to 

10 achieve discharge of the liquid (ink) with the particularly 
high response characteristics. 

As the pulse driving signal, signals disclosed in U. 
S. Patent Nos. 4,463,359 and 4,345,262 are suitable. 
Note that further excellent printing can be performed by 

15 using the conditions described in U.S. Patent No. 
4,313,124 of the invention which relates to the temper- 
ature rise rate of the heat acting surface. 

As an arrangement of the printhead, in addition to 
the arrangement as a combination of discharge nozzles, 

20 liquid channels, and electrothermal transducers (linear 
liquid channels or right angle liquid channels) as dis- 
closed in the above specifications, the arrangement us- 
ing U.S. Patent Nos. 4,558,333 and 4,459,600, which 
disclose the arrangement having a heat acting portion 

2S arranged in a flexed region is also included in the 
present invention. In addition, the present invention can 
be effectively applied to an arrangement based on Jap- 
anese Patent Laid-Open No. 59-123670 which disclos- 
es the arrangement using a slot common to a plurality 

30 of electrothermal transducers as a discharge portion of 
the electrothermal transducers, or Japanese Patent 
Laid-Open No. 59-138461 which discloses the arrange- 
ment having an opening for absorbing a pressure wave 
of heat energy in correspondence with a discharge por- 

35 tion. 

Furthermore, as a full line type printhead having a 
length corresponding to the width of a maximum printing 
medium which can be printed by the printer, either the 
arrangement which satisfies the full-line length by com- 

40 bining a plurality of printheads as disclosed in the above 
specification or the arrangement as a single printhead 
obtained by forming printheads integrally can be used. 

In addition, not only an exchangeable chip type 
printhead, as described in the above embodiment, 

45 which can be electrically connected to the apparatus 
main unit and can receive an ink from the apparatus 
main unit upon being mounted on the apparatus main 
unit but also a cartridge type printhead in which an ink 
tank is integrally arranged on the printhead itself can be 

so applicable to the present invention. 

It is preferable to add recovery means for the print- 
head, preliminary auxiliary means, and the like provided 
as an arrangement of the printer of the present invention 
since the printing operation can be further stabilized. Ex- 

55 amples of such means include, for the printhead, cap- 
ping means, cleaning means, pressurization or suction 
means, and preliminary heating means using electro- 
thermal transducers, another heating element, or a 
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combination thereof. It is also effective for stable printing 
to provide a preliminary discharge mode which performs 
discharge independently of printing. 

Moreover, in each of the above-mentioned embod- 
iments of the present invention, it is assumed that the 
ink is a liquid. Alternatively, the present invention may 
employ an ink which is solid at room temperature or less 
and softens or liquefies at room temperature, or an ink 
which liquefies upon application of a use printing signal, 
since it is a general practice to perform temperature con- 
trol of the ink itself within a range from 30°C to 70°C in 
the ink-jet system, so that the inkviscosity can fall within 
a stable discharge range. 

In addition, in order to prevent a temperature rise 
caused by heat energy by positively utilizing it as energy 
for causing a change in state of the ink from a solid state 
to a liquid state, or to prevent evaporation of the ink, an 
ink which is solid in a non-use state and liquefies upon 
heating may be used. I n any case, an ink wh ich liquefies 
upon application of heat energy according to a printing 
signal and is discharged in a liquid state, an ink which 
begins to solidify when it reaches a printing medium, or 
the like, is applicable to the present invention. In this 
case ; an ink may be situated opposite electrothermal 
transducers while being held in a liquid or solid state in 
recess portions of a porous sheet or through holes, as 
described in Japanese Patent Laid-Open No. 54-56847 
or 60-71260. In the present invention, the above-men- 
tioned film boiling system is most effective for the above- 
mentioned inks. 

In addition, the ink-jet printer of the present inven- 
tion may be used in the form of a copying machine com- 
bined with a reader, and the like, or a facsimile appara- 
tus having a transmission/reception function in addition 
to an image output terminal of an information processing 
equipment such as a computer. 

The present invention can be applied to a system 
constituted by a plurality of devices, or to an apparatus 
comprising a single device. Furthermore, it goes without 
saying that the invention is also applicable to a case 
where the object of the invention is attained by supplying 
a program to a system or apparatus. 

As many apparently widely different embodiments 
of the present invention can be made without departing 
from the spirit and scope thereof, it is to be understood 
that the invention is not limited to the specific embodi- 
ments thereof except as defined in the appended 
claims. 



Claims 



1. 



A printer using a line-type printhead (190) for print- 
ing an image on a recording medium by driving M 
electrothermal transducers (501, 502) and M print 
elements corresponding to said electrothermal 
transducers (501, 502) , respectively, according to 
double pulse control, characterized by comprising: 



10 



is 2. 



20 



25 3. 



30 4. 



35 



40 



45 



6. 



7. 



so 



55 



monitoring means (181 ) for monitoring an inter- 
nal temperature of said printhead (190); 
input means (114) for inputting print data; 
driving means (130) for driving said printhead 
(190) by sending an electricity to said M elec- 
trothermal transducers (501 , 502) according to 
the double pulse control; and 
first control means (160) for controlling saicf 
driving means (1 80) to inhibit application of pre- 
pulse signals to said M electrothermal trans- 
ducers (501, 502) on the basis of the internal 
temperature and a printing density obtained 
from the print data. 

The printer according to claim 1 , characterized by 
further comprising second control means (160) for 
performing control to apply the pre-pulse signals 
and main pulse signals to only electrothermal trans- 
ducers (501, 502) corresponding to print elements 
required for a print operation on the basis of the print 
data, when the application of the pre-pulse signals 
to the M electrothermal transducers (501, 502) is 
inhibited by said first control means (160). 

The printer according to claim 1 , wherein said print- 
head (1 90) includes four printing units (1 90Y, 1 90M, 
190C, 190K) for performing print operations corre- 
sponding to black, cyan, magenta, and yellow 

The printer according to claim 1 , wherein said print- 
head (190) is an ink-jet head for printing an image 
on a recording medium by discharging an ink. 

The printer according to claim 4, wherein said print- 
head (190) is a printhead for discharging an ink by 
using heat energy, and includes a transducer for 
generating heat energy to be applied to the ink. 

The printer according to claim 1 , wherein said print- 
head (190) includes a sensor (509) for monitoring 
the internal temperature of said printhead. 

The printer according to claim 1 , wherein said driv- 
ing means (180) includes: 

M driving circuits corresponding to said M elec- 
trothermal transducers (501, 502), respec- 
tively; and 

division control means (904) for dividing said M 
driving circuits into N groups and performing 
control in units of groups, 
said monitoring means (181) includes temper- 
ature measurement means for measuring the 
internal temperature of said printhead (1 90) for 
each of the groups, and 

said driving means (180) drives said printhead 
(190) through said M driving circuits to perform 
a print operation by applying a first pulse to 
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each of said M print elements, and applying a 
second pulse following the first pulse. 

8. The printer according to claim 7, characterized by 
further comprising: 

first adjustment means for adjusting a width of 
the second pulse for each of said M driving cir- 
cuits on the basis of variations in operations of 
said M driving circuits; and 
second adjustment means for adjusting a pulse 
interval of the first and second pulses on the 
basis of N internal temperatures measured by 
said temperature measurement means. 

9. The printer according to claim 7, wherein said print- 
head (1 90) includes storage means for storing infor- 
mation representing the variations in the operations 
of said M driving circuits. 

10. The printer according to claim 8, wherein said sec- 
ond adjustment means obtains a temperature gra- 
dient in said printhead (1 90) from the N internal tem- 
peratures and adjusts the pulse interval on the basis 
of the temperature gradient. 

11. The printer according to claim 7, characterized by 
further comprising inhibition means for, when said 
printhead (190) is performing a print operation, 
inhibiting pulse control based on changes in the N 
internal temperatures until the print operation for 
one line is completed. 

12. The printer according to claim 1, characterized by 
further comprising: 

latch means for latching printing characteristic 
information associated with said M print ele- 
ments in correspondence with said M electro- 
thermal transducers (501 , 502) ; 
input means for inputting a plurality of pre-pulse 
signals; 

selection means for selecting an optimal pre- 
pulse signal for each of said M print elements 
on the basis of the plurality of pre-pulses input 
by said input means and the printing character- 
istic information latched by said latch means; 
pre-heat means for performing a pre-heating 
operation by sending an electricity to said M 
electrothermal transducers using the optimal 
pre-pulse signals selected by said selection 
means; 

output means for outputting the printing char- 
acteristic information to said printhead (190); 
and 

application means for applying a plurality of 
pre-pulses to said printhead (190). 



1 3. The printer according to claim 12, wherein said out- 
put means outputs the printing characteristic infor- 
mation by using a signal for outputting print data to 
said printhead (190), when a power supply of said 

s printer is turned on. 

14. The printer according to claim 1 2, characterized by 
further comprising memory means (401) included 
in said printhead (1 90), for storing the printing char- 

io acteristic information. 

15. The printer according to claim 14, wherein said 
memory means (401) is an EEPROM. 

15 16. A printer including latch means for latching printing 
characteristic information associated with M print 
elements corresponding to M electrothermal trans- 
ducers (501 . 502), respectively, in correspondence 
with said M electrothermal transducers (501, 502) 
20 to print an ; image on a recording medium by driving 
said M electrothermal transducers (501, 502) and 
said M print elements according to double pulse 
control; input means for inputting a plurality of pre- 
pulse signals; selection means for selecting an opti- 
cs mal pre-pulse signal for each of said M print ele- 
ments on the basis of the plurality of pre-pulse sig- 
nals input by said input means and the printing char- 
acteristic information latched by said latch means; 
pre-heat means for performing a pre-heating oper- 
30 ation by sending an electricity to said M electrother- 
mal transducers (501, 502) by using the optimal 
pre-pulse signals selected by said selection means; 
and a line-type printhead (190), characterized by 
comprising: 

35 

output means for outputting the printing char- 
acteristic information to said printhead (190); 
and- ' 

application means for applying a plurality of 
40 pre-pulse signals to said printhead (1 90). 

17. The printer according to claim 1 6, wherein said out- 
put means outputs the printing characteristic infor- 
mation by using a signal for outputting print data to 

45 said printhead (190), when a power supply of said 
printer is turned on. 

18. The printer according to claim 16, wherein said 
printhead (190) includes four printing units (190Y, 

50 1 90M, 1 90C, 1 90K) for performing image print oper- 

ations corresponding to black, cyan, magenta, and 
yellow. 

19. The printer according to claim 16, wherein said 
55 printhead (190) is an ink-jet head for printing an 

image on a recording medium by discharging an 
ink. 
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20. The printer according to claim 19, wherein said 
printhead (1 90) is a printhead for discharging an ink 
by using heat energy, and includes a transducer for 
generating heat energy to be applied to the ink. 

5 

21. The printer according to claim 16, further compris- 
ing memory means (401), included in said print- 
head, for storing the printing characteristic informa- 
tion. 

w 

22. The printer according to claim 21, wherein said 
memory means (401 ) is an EEPROM. 

23. A printer for generating print image data by receiv- 
ing print image data from an external device, and is 
printing an image on a recording medium on the 
basis of the print image data by using a line-type 
printhead (1 90) having a plurality of print elements, 
and driving said plurality of print elements by using 

N driving circuits, comprising: 20 

division control means (81 6) for dividing said N 
driving circuits into M groups and performing 
control in units of groups; 

temperature measurement means (181) for 25 
measuring the internal temperature of said 
printhead (190) for each of the groups; 
driving means (180) for driving said printhead 
(190) through said N driving circuits to perform 
a print operation by applying a first pulse to 30 
each of said plurality of print elements, and 
applying a second pulse following the first 
pulse; 

first adjustment means for adjusting a width of 
the second pulse for each of said N driving cir- 35 
cuits on the basis of variations in operations of 
said N driving circuits; and 
second adjustment means for adjusting a pulse 
interval of the first and second pulses on the 
basis of M internal temperatures measured by 40 
said temperature measurement means. 



27. The printer according to claim 23, wherein said 
printhead (190) is an ink-jet head for printing an 
image on a recording medium by discharging an 
ink. 

28. The printer according to claim 27, wherein said 
printhead (1 90) is a printhead for discharging an ink 
by using heat energy, and includes a transducer for 
generating heat energy to be applied to the ink. 

29. The printer according to claim 23, further compris- 
ing inhibition means for, when said printhead (190) 
is performing a print operation, inhibiting pulse con- 
trol based on changes in the M internal tempera- 
tures until the print operation for one line is com- 
pleted. 

30. A printer comprising, for example, a full-width type 
printhead or a method of controlling a printhead or 
a method of printing wherein the number and/or 
width and/or separation of pulses applied to a or 
each printing element of the printhead for causing 
printing to occur is controlled in accordance with the 
printhead temperature and/or a print density or print 
duty ratio. 

31. A printer or method according to claim 30, wherein 
application to a or each printing element of a pre- 
heating drive pulse prior to a drive pulse for causing 
printing and/or the width of the drive pulse and/or 
an interval between first and second pulses is con- 
trolled in accordance with the printhead tempera- 
ture and/or a print density or print duty ratio. 



24. The printer according to claim 23, wherein said 
printhead includes storage means for storing infor- 
mation representing the variations in the operations 45 
of said N driving circuits. 



25. The printer according to claim 23, wherein said 
printhead (190) includes four printing units (190Y, 
1 90M, 1 90C, 1 90K) for performing image print oper- 50 
ations corresponding to black, cyan, magenta, and 
yellow. 



26. The printer according to claim 23, wherein said sec- 
ond adjustment means obtains a temperature gra- 55 
dient in said printhead (190) from the M internal 
temperatures and adjusts the pulse interval on the 
basis of the temperature gradient. 
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FIG. 7 
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